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ABSTRACT

Four subjects, whose ages averaged 24.3
years, were examined to assess the iso-
metric component of dynamic exercise
during the following 4 conditions: tread-
mill running, cycle ergometry, aerobic
exercise following a video, and during
hip extension exercise (lunges). The iso-
metric component of exercise was char-
acterized by examining heart rate (HR)
and blood pressure (BP), muscle fatigue,
oxygen consumption, and lactic acid pro-
duction. Work on the cycle ergometer
was against loads of 300 kg and 600 kg
meters per minute at cycle speeds of 30

rpm, 60 rpm, and 90 rpm. On the tread-
mill, work was performed against loads
of 1500 and 2500 kg meters per minute,
and the grades were 5%, 10%, and
15%. The results showed that work on
the cycle ergometer at the lowest rpm
and work at the highest incline on the
treadmill were comparable. Work at the
lowest and slowest loads required the
highest energy consumption and caused
the greatest increase in blood pressure,
while heart rate only increased modest-
ly when compared to these same meas-
urements during a high-speed workout.
This confirms the high static component
of slow speed work. Using this informa-
tion as the baseline, the static compo-
nent of aerobic exercise during using
three different Gliding exercise videos
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Table 1. General Characteristics of Subjects

Age Height Weight Resting Resting BP’ Resting
(years) (cm) (kg) Heart Rate (Systolic) BP
(Diastolic)
Mean 24.3 169.4 63.3 81.01 110.5 64.3
SD 0.5 5.8 10.3 15.1 6.4 4.4

"BP indicates blood pressure.

and during lunges with or without
Gliding disks were calculated. Lunges
with Gliding disks were associated with
approximately a 20% increase in oxygen
consumption and heart rate, and approx-
imately a 30% reduction in hamstring
and quadriceps muscle strength during 5
minutes of exercise compared to regular
lunges without Gliding. The static com-
ponent and total workloads were
greater. In the exercise using the 15-
minute, 13-minute, and 8-minute exer-
cise videos with gliding, there was a high
isometric component, which caused a
substantial reduction in muscle strength.
Exercise using Gliding disks with the
videos has a high static component and
provides a good aerobic

training.

INTRODUCTION

It is hard to envision exercise that is
strictly either dynamic or isometric in
character. Dynamic exercise often
results in a large increase in heart rate
and ventilation, while mean blood pres-
sure does not change during the work-
out.!'? The increase in respiration, heart
rate, and blood pressure associated with
dynamic exercise is due in large part to
a mechanism called reflex in nature.?
Depending on the frequency of exercise,
there is some variability in ventilation
and circulation during dynamic
exercise.* While there is some difference
associated with muscle fiber composi-
tion in these responses,’ they are usually
similar when compared to work normal-

ized as a percent of the maximum oxy-
gen consumption max VO,, in both men
and women and irrespective of race.’

At the other end of the spectrum is
exercise where the muscle does not
change length. This type of exercise is
called isometric exercise. During isomet-
ric exercise, the ventilation increase is
modest (a few liters per minute) but
greater than that needed for oxygen
delivery, thereby causing hyperventila-
tion.! Systolic and diastolic blood pres-
sure show a progressive and steady
increase throughout the duration of the
exercise such that blood pressure can
increase by 50% or more during a 2
minute fatiguing isometric contraction.®
A further delineating factor in isometric
exercise is the fact that during isometric
exercise, muscle strength decreases
steadily throughout the exercise whereas
during dynamic exercise strength is only
marginally reduced unless the exercise is
done to fatigue.®

When dynamic exercise is conduct-
ed slowly and against a heavy load (iso-
kinetic exercise), even though the
exercise is thythmic, anaerobic metabo-
lism dominates and the cardiovascular
responses are closer to isometric then
dynamic exercise.” Thus in exercise such
as rock climbing, cardiovascular respons-
es may not correlate well compared to
pure aerobic exercise such as cycle
ergometry at 60 rpm.® In dynamic exer-
cise, there is less of an increase in heart
rate and muscle heat production is high-
er during repeated bouts of exercise
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against heavy loads, than during high
speed dynamic exercise.>!?

However, a previous study may
explain these results. Petrofsky et al't
examined the static component of rhyth-
mic exercise. In these experiments, cycle
ergometry was accomplished at the
same absolute workload either at slow
speeds (30 rpm), moderate speeds (50
rpm), or high speeds (90 rpm). For exer-
cise at 90 rpm, the body exhibited
responses associated with pure dynamic
exercise whereas, at low speeds, muscles
fatigued rapidly. Although the work-
loads were the same for all speeds, there
was a lower heart rate response, less
oxygen uptake, and greater muscle
fatigue at low speed workouts compared
to high-speed workouts even though
workloads were matched. Thus, slow
dynamic exercise may provide good
strength training, although dynamic
exercise is inherently known for cardio-
vascular effects and not for strength
training.’

In summary, while isometric exercise
is a pure form of exercise and the car-
diorespiratory responses are predictable,
the cardiovascular responses to dynamic
exercise are not fixed, but show a spec-
trum of responses from that of very slow
and heavy isokinetic exercise where the
cardiovascular responses are similar to
isometric exercise to high speed low
load dynamic exercise where the heart
rate and cardiac output increase greatly
while muscle strength, and blood pres-
sure respond more modestly. For exer-
cise involving moderate loads at
moderate speeds, the responses are
between these extremes.!!

Therefore, it seems reasonable that
many types of exercise, which involve
stabilization of the core muscles such as
lunges (hip extension, flexion and
adduction abduction exercises), have a
significant static component, since to sta-
bilize the core of the body, the abdomi-
nals and paraspinal muscles must be

engaged in an isometric contraction to
keep the trunk stable. The purpose of
this study was to quantify the static com-
ponent of rhythmic exercise during exer-
cise videos and lunges compared to cycle
ergometry and treadmill exercise. Two
types of lunges were examined. One
which involved hip extension on alter-
nate sides of the body and the other,
which still involved hip extension, but
included the use of “Gliding” disks to
allow the leg to move with low friction,
thereby providing continuous muscle
activity throughout the lunge exercise.!’
Three different exercise videos involving
Gliding were also evaluated.

SUBJECTS

The subjects were 4 females. Their char-
acteristics are summarized in Table 1.
All subjects were fit thoroughly trained
in treadmill, cycle ergometer, and aero-
bic lunge exercises. All subjects were
free of cardiovascular or orthopedic
impairments and all subjects had the
experimental procedures explained to
them and signed a statement of
informed consent approved by the
Human Review Committee at Azusa
Pacific University.

METHODS

Strength

Isometric strength of the quadriceps and
hamstrings muscles was measured with
the subjects in the seated position and
the leg held at a 90" angle. To accomplish
this, a woven cotton belt was placed
around the ankle and connected to an
isometric strain gauge transducer bar.
The strain gauge was linear in the range
of 0 kg to 200 kg of force. The output of
the transducer was amplified with a
strain gauge conditioner amplifier with a
gain of 1000. The output was stored and
analyzed as the average strength over
the middle of a 3 second maximum
contraction.
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Figure 1. A pneumotach is used to measure
oxygen consumption and ventilation on a
subject exercising. A nose clip is used o
ensure airflow through the mouth only.

Oxygen Consumption, Ventilation,
Carbon Dioxide Production,
Respiratory Quotient

A VO-2000 portable metabolic cart
(Aerosport Inc., Minneapolis, Minn) was
used in these studies. The analyzer is
composed of a battery operated meta-
bolic cart containing a CO, infrared ana-
lyzer, a fuel cell based oxygen analyzer,
and a pneumotach (Figure 1). The ana-
lyzer was calibrated with the local baro-
metric pressure and temperature at the
beginning of each day. The analyzer
sampled expiratory gases through a
mouthpiece. The subjects wore a nose
clip to assure all expiratory gasses
passed through the pneumotach. The gas
was sampled breath by breath and all

gas values were averaged over a 20-sec-
ond period. Ventilation, oxygen con-
sumption, and carbon dioxide
production were then converted to stan-
dard pressures and temperatures
(STPD) and stored in the memory of
the analyzer.

Blood Lactate

An Accusport fingertip lactic acid ana-
lyzer measured blood lactate. The blood
sample was taken from arterialized
blood in the subject’s fingertip 5 minutes
after exercise; total blood volume was 25
pL. Blood was arterialized by placing
the hand in warm water for 5 minutes,
immediately following exercise, before
the sample was taken (Figure 2).

Heart Rate
Heart rate was recorded from palpita-
tion of the radial pulse.

Blood Pressure

Blood pressure was measured by auscul-
tation of the left arm with a blood pres-
sure cuff. The cuff was pumped to 200
mmHg and deflated at 3 mmHg per sec-
ond as per the standards of the
American Heart Association. Systolic
blood pressure was assessed as the first
tapping sound heard through a sphyg-
momanometer in the anacubical fossa.
Diastolic pressure was the change in
pitch from the high pitch tapping to a
murmur. The same person measured
blood pressure on all occasions

(Figure 3).

Statistical Analysis

Statistical analysis involved the calcula-
tion of means, standard deviations, and
paired and unpaired ¢ tests. The level of
significance was P < 0.05.

PROCEDURES

Four series of experiments were accom-
plished. In the first series of experi-
ments, the relationship between oxygen
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Figure 2. A subject’s hand is placed in warm
water on a hotplate to arterialize the blood
in the fingertip prior to sampling blood for
lactic acid determinations.

consumption, heart rate, blood pressure,
and muscle fatigue in the quadriceps
and hamstring muscles was determined
during treadmill running. Treadmill run-
ning was performed at 2 different work-
loads with the treadmill set at 3 different
grades (5%, 10%, and 15%) (Table 2).
The speed was adjusted for each individ-
ual, so that workloads were matched at
each grade at either 1500 kg meters per
minute or 2500 kg meters minute.
Because of differences in body weight,
the speed was different for each subject.
Table 2 shows the average speeds at
each grade with the standard deviations
for the group. In this manner, on the
treadmill, the same workloads and the
cardiovascular responses could be meas-
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Figure 3. Blood pressure measured on a study
subject.

ured with fast running at a low incline,
versus high incline and slow running.
Subjects exercised for periods of 5 min-
utes and between the fourth and fifth
minute of exercise, oxygen consumption,
respiratory quotient, and ventilation
were measured. After the exercise was
over, lactates, blood pressure, and heart
rate were assessed, as were changes in
the muscle strength in the quadriceps
and hamstring muscles (Figure 4). The
strength was measured within a few sec-
onds after the end of each exercise.

In the second series, the experi-
ments were repeated on a cycle ergome-
ter. Speeds of 30 rpm, 60 rpm, and 90
rpm were used with various workloads
to allow work at 300 kg meters/min and
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Table 2. Average Speeds Used for the Treadmill

Speed 5% grade Speed 10% grade Speed 15% grade
(miles/hour) (miles/hour) (miles/hour)

Low mean 1.8 0.9 0.6

Low standard deviation 0.3 0.1 0.1

Medium load 5.9 3.0 2.0

Medium standard deviation 1.0 0.5 0.3

Table 3. Workloads on Cycle Ergometer

Low resistance

Moderate resistance

(300 kg m/min) (kg m/min)
30 rpm 1.67 3.33
60 rpm 0.83 1.67
90 rpm 0.56 1.1

600 kg meters/min for each speed (Table
3). Protocols were similar to those
above. Subjects exercised for periods of
5 minutes and between the fourth and
fifth minute of exercise, oxygen con-
sumption, respiratory quotient, and ven-
tilation were measured. After the
exercise was over, lactates, blood pres-
sure, and heart rate were assessed, as
were changes in the muscle strength in
the quadriceps and hamstring muscles.

In the third series of experiments,
subjects engaged in exercise involving
alternating leg hip extension (lunges)
with or without discs (Gliding) under
the foot to reduce friction upon move-
ment (Figure 5).

Finally, in the fourth series of exper-
iments, subjects followed a video exer-
cise program provided by Savvier LP
(Santa Fe Springs, Calif). Subjects used
Gliding disks to minimize kinetic fric-
tion between the body and the floor.
Gliding, by minimizing friction, allows
smooth muscle contraction during
movement in any direction with continu-
ous muscle activity (Figure 5)." The
videotape was divided into 3 segments.
The first (15 minutes) and second (13
minutes) Gliding segments involved

rhythmic lunge sequences in the stand-
ing position. The third Gliding segment
involved exercise on the floor in the
prone and side lying positions for a total
of 8 minutes. For each segment, the
parameters above were measured in the
fourth, fifth, and last minute of exercise
except for strength and lactate measure-
ments, which were done at the end of
the exercise.

RESULTS

Treadmill Exercise

The results of the studies on treadmill
ergometry are shown in Figure 6. Heart
rate was highest and blood pressure low-
est during a workout at a 5% grade. The
average increase in heart rate during
exercise at a load of 1500 kg meters per
minute was 22 + 9.38 beats per minute
for work at a 5% grade (Figure 6B). At
2500 kg meters per minute of resistance,
the heart rate increased by 43.5 + 23.69
beats per minute. In contrast, exercise
with the treadmill (Figure 7) at a 15%
grade showed a more modest increase in
heart rate, 15 + 4.76 beats per minute at
the lowest load, and 27.5 + 7.63 beats
per minute at the moderate load. In con-
trast, systolic blood pressure was highest
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Figure 4. Hamstring muscle strength meas-
ured immediately affer an exercise bout.

for the moderate workload at a 15%
grade. For example, the change in sys-
tolic blood pressure at the moderate
workload for the 15% grade was 19.5 +
8.02 mmHg compared to 10.0 + 2.94
mmHg for the same workload at the 5%
grade. Thus, for the cardiovascular
responses, matched workloads at a 15%
grade resulted in a greater increase in
blood pressure, but had less effect on
heart rate compared to matched work-
loads at the lowest grade examined.
These differences were significant (P <
0.01). Workloads at the 10% grade fell
between the two extremes. Diastolic
blood pressure was not significantly dif-
ferent at any workload examined. (P >
0.05, ANOVA)

The greatest increase in lactates

Figure 5. A subject using Gliding to accom-
plish backward lunges. When the heel is
planted on the floor (front) one leg is fixed
and cannot move, with the heel lifted,
Gliding provides very low friction, so that the
leg can traverse into extension and flexion
with continuous smooth muscle activity.

occurred at the 15% grade and at a
moderate workload (15% grade, 2500 kg
meters per minute workload). Here, the
average lactates increased by 2.3 + 1.4
mmoles/L. compared to the similar
workload at a 10% grade, where lactates
only increased by 0.88 + 0.4 mmoles/L.
At the same workload at the 5% grade,
the lactates increased much more mod-
estly by 0.05 + 0.23 mmoles/L. When
muscle strength was measured before
and after exercise at the 6 workloads
examined here, there was a reduction in
strength for both the quadriceps and
hamstrings muscles after all workloads.
Prior to exercise, the average strength of
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Heart Rate Change During Bike Exercise
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Figure 6. A) Heart rate, B) systolic blood pressure, C) hamstring strength, and D) oxygen con-
sumption during exercise on a cycle ergometer at speeds of 30 rom, 60 rom, and 90 rom
against workloads at each speed of 300 and 600 Kg meters/min.

the quadriceps muscles during extension
of the leg, measured at the ankle, was
61.17 + 17.6 kg. For the hamstring mus-
cles, the average strength was 42.6 + 5.93
kg. At the end of the exercise, the reduc-
tion of the quadriceps muscle strength
was greatest for workloads at the 15%
grade and lowest for exercise at the 5%
grade. For example, at the lowest grade
(5%), the reduction in quadriceps
strength was 2.5 + 1.08 kg for the low
workload, whereas the reduction was 4.0
+ 3.2 kg for the moderate workload. In
contrast, for exercise at the highest
grade (15%), the reduction was 7.5 = 5.0
kg for the low workload, and 12.8 + 9.3
kg for the moderate workload. The same
relationship was seen for the hamstring
muscles (Figure 6C). There was a sharp
reduction in the strength of the ham-

string muscle associated with all work-
loads. Expressed as a percent, at a 5%
grade, there was a 2.48% loss in strength
for the low workload compared to a
5.88% loss for the moderate workload.
For the 10% grade, there was a loss in
strength of 6.1 after the low workload
and 10.1% after the moderate workload.
At a 15% grade, the reductions in
strength were 7.4% after the low work-
load and 17.2% after the moderate
workload.

The respiratory responses showed a
similar pattern. The oxygen consumption
was greatest for work at a grade of 5%
and lowest for a grade of 15% (Figure
6D). When subjects ran at a grade of 5%
with a moderate workload, the oxygen
consumption averaged 1.29 L/minute
(6.45 calories), whereas the oxygen con-
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sumption at a higher grade (15%) aver-
aged only 0.83 L/minute (4.15 calories)
in the last minute of exercise (Figure
6B). During this same period, at the
moderate workload, ventilation showed
similar responses with ventilation
against a 5% grade increasing to 35.6 +
15.4 L/min, whereas at a 15% grade ven-
tilation was 19.36 + 1.56 L/min.

Cycle Ergometer Exercise
The results of the experiments on the
cycle ergometer are shown in Figures
7A, B, C, and D. The largest increase in
heart rate was after work at 90 rpm
compared to matched work at either 30
rpm or 60 rpm (Figure 7A). The differ-
ences between the low workloads at 30
rpm, 60 rpm, and 90 rpm were statistical-
ly significant, as was data for the moder-
ate workloads at 30 rpm, 60 rpm, and 90
rpm (P < 0.05). The increases in heart
rate for work at 90 rpm was nearly dou-
ble that of 30 rpm. The same was true
concerning blood pressures (Figure 7B).
The average systolic blood pressure for
the group was much higher for work at
30 rpm than 90 rpm. This difference was
statistically significant (P < 0.05). For
example, at a moderate load, at 30 rpm
the average increase in systolic blood
pressure was 55.3 = 11.8 mmHg, whereas
at 90 rpm, the increase in systolic pres-
sure was only 36.5 + 6.2 mmHg. Thus at
a moderate workload, the average blood
pressure for subjects increased from an
average of 114 + 2.4 mmHg at rest to an
average of 150 + 8.16 after work at 90
rpm, but only increased to an average of
168.8 = 10.3 mmHg at 30 rpm.
Therefore, as was the case for treadmill
ergometry, the cardiovascular responses
were a function of the speed of work.
At a moderate workload, the great-
est increase in lactates occurred at 30
rpm; the average lactates increased by
3.9 + 5.3 mmoles/L compared to 60 rpm
where lactates only increased by 1.4 +
2.1 mmoles/L. At 90 rpm, the lactates

increased much more modestly by 0.17 +
0.91 mmoles/L.

Changes in strength were also
telling. For the group, the average
reduction in strength was greatest at 30
rpm compared to 60 rpm and 90 rpm;
these differences were statistically signif-
icant (ANOVA, P < 0.01) (Figure 7C).
The greatest reduction in strength
occurred at 30 rpm at the moderate
workload. For the quadriceps muscle, for
example, muscle strength was reduced
from the initial average of 75.5 + 20.4 kg
before exercise to 59.8 +£17.7 kg after
moderate exercise at 30 rpm, a loss of
15.8 = 3.5 kg. In contrast, after the same
moderate work at 90 rpm, strength of
the quadriceps muscle was reduced by
7.75 £13.0 kg, a much more modest
reduction in strength. The same relation-
ship was seen for the hamstring muscles
(Figure 7C). Here the greatest reduction
in strength for either the low or moder-
ate workload was at the lowest rpm.
These differences for the hamstring
muscle between the three different
cycling speeds are statistically significant
(P <0.01).

Finally, the greatest oxygen con-
sumption and ventilation occurred after
exercise at 90 rpm (Figure 7D). Oxygen
consumption was highest after exercise
at 90 rpm and lowest at 30 rpm; when
comparing the oxygen uptake during the
low workload at 30 rpm versus 60 rpm
versus 90 rpm, the differences were sta-
tistically significant (P < 0.01), as was
the comparison of oxygen consumption
during moderate workloads at 30 rpm,
60 rpm, and 90 rpm (P < 0.01). For the
lowest workload at 30 rpm, the increase
in ventilation was 15.83 = 0.92 L/min,
whereas at 90 rpm, the increase in venti-
lation averaged 35.83 + 9.1 L/min. Thus
for ventilation and oxygen consumption,
the greatest demand on the respiratory
system was at 90 rpm with the demand
at 30 rpm being only about 50% of that
at 90 rpm.
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HR Change on Treadmill
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Figure 7. A) Heart rate, B) systolic blood pressure, C) hamstring strength, and D) oxygen con-
sumption during exercise on a tfreadmill against a grade of 5%, 10%, and 15% with low and mod-

erate exercise loads.

Exercise Videos And Lunges

Data from the third and fourth series of
experiments have been analyzed togeth-
er, since both involved Glides (Figures 8
and 9).

The increase in heart rate associated
with 5 minutes of hip extension (lunges)
with Gliding or without Gliding, and fol-
lowing the Gliding videos lasting 15
minutes, 13 minutes, and 8 minutes are
shown in Figures 8 and 9. There was no
statistical difference in oxygen consump-
tion, heart rate or ventilation during aer-
obic exercise during the 3 Gliding
exercise videos, when comparing the
data at 5 minutes to that in the last
minute of exercise (P > 0.05). Therefore,

only data in the last minute is presented
in the paper.

The heart rate was substantially
increased for all five types of exercise.
Comparing 5 minute hip extension data
with Gliding (HEG) to without Gliding
(HE), the increase in heart rate aver-
aged 54.0 + 10.9 beats/minute at the end
of 5-minutes HEG compared to 30.0 =
14.7 beats/min at the end of HE. The dif-
ference between the two was significant
(P < 0.01) (Figure 8A). In contrast, the
average heart rate at the end of Gliding
exercise using the 15-, 13-, and 8-minute
videos was greater than that of lunges,
but similar to that of Gliding lunges. The
difference between the heart rate, for
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Heart Rate Increase
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Figure 8. The change in heart rate (A) and systolic blood pressure (B) during 5 minute bouts of
hip extension Gliding, 5-minutes of hip extension lunges, and exercise using the 15-minute, 13-
minute and 8-minute video Gliding exercise programs.

lunges with or without Gliding, or
Gliding using the 15- and 13-minute
exercise videos, were not statistically sig-
nificant (P < 0.05). However, the heart
rates at the end of the Gliding exercise
using 8-minute video were greater than
after lunges without gliding, but less
than after lunges with Gliding (P < 0.05)
The diastolic blood pressure was unaf-
fected by any of the different exercises.
However, the systolic blood pressure

was statistically higher for HEG than for
HE (P < 0.05) (Figure 8B). Systolic
blood pressure at the end of Gliding
exercise, using the 13- and 8-minute
videos, was not different than at the end
of lunges without Gliding (P > 0.05), but
less than that of the 15-minute video
exercise using Gliding (P < 0.05).

The lactates recorded after the
backward lunges without the glides
averaged 0.4 + 1.1 mm/L, whereas for
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Change in Hamstring Strength
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Figure 9. The change in hamstring strength (A) and oxygen consumption (B) during 5 minute
bouts of hip extension Gliding, 5-minutes of hip extension lunges and exercise using the 15-
minute, 13-minufe and 8-minute video Gliding exercise programs.

back lunges with the glides, the average
lactates were 0.7 + 0.34 mm/L. In con-
trast, for the 3 Gliding exercise videos,
the lactates at the end of exercise were
1.1 +1.29,0.63 +1.09, and -0.05 + 0.13
mm/L for the 15-, 13- and 8-minute exer-
cise segments, respectively.

As shown in Figure 9, the reduction
in strength of the quadriceps and ham-
strings muscles was greatest during
Gliding lunges and after using the 15-

188

minute Gliding exercise video and low-
est after back lunges and the using the
13- and 8-minute Gliding exercise
videos. For example, for the quadriceps
muscle, the reduction in strength after
lunges with Gliding was 9.3 + 6.9 kg
whereas after the lunge exercise it was
3.2 + 3.6 kg. Hamstring data showed a
similar reduction (Figure 9A). The dif-
ference between the strength in the
quadriceps and the hamstring muscles
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after the lunges with Gliding versus
lunges was statistically significant (P <
0.05).

Oxygen consumption was higher
during lunges with Gliding than lunges
without gliding. The average oxygen
consumption for the group after the
lunges with Gliding averaged 0.76 + 0.18
L/min (3.8 + 0.9 calories) and after
lunges without gliding averaged 0.59 +
0.11 L/min (2.95 + 0.55 calories).

Of the 3 Gliding exercise videos,
oxygen consumption was highest for the
15-minute video, almost as high for the
13-minute video, and lowest for the 8-
minute video (Figure 9B). The respirato-
ry quotient during the 3 videos, averaged
0.79 + 0.6 demonstrating that the exer-
cise was supported by the metabolism of
lipids.

DISCUSSION
The benefits of sustained bouts of exer-
cise for health and physical conditioning
are well documented.'?13* While exer-
cise is difficult for people with disabili-
ties,’* even in patients with heart failure,
exercise training improves mortality and
reduces morbidity.!6

However, what is called aerobic
exercise in many of these studies is actu-
ally a complex combination of stress on
anaerobic and aerobic metabolic path-
ways. Slow exercise conducted rhythmi-
cally still has a considerable isometric
component.!! Exercise conducted at low
contraction frequencies and high loads
versus high frequencies and low loads
are characterized by very different phys-
iological responses even if the work is
matched.!*!! For example, for slow exer-
cise conducted at a heavy load, blood
pressure and ventilation are higher and
muscle fatigues more rapidly than for
high speed work at light loads.%!! The
greater demand placed on the anaerobic
capacity of the muscle by slow exercise
may be partially due to the fact that dur-
ing dynamic exercise, especially with

heavy loads, muscle is perfused poorly
due to high intramuscular pressure.'’
Slow aerobic exercise, by decreasing
muscle strength, adds a strength training
component to dynamic exercise.!®!! In
contrast, aerobic exercise at a light load
does little to build muscle strength, but
is a good for building aerobic capacity.?
Thus a workout program involving slow
heavy exercise and fast light exercise
together should provide both cardiovas-
cular conditioning and strengthening of
the muscle.

In the present investigation, the
relationships reported previously in
cycle ergometry were confirmed con-
cerning a high loss in muscular strength
with slow rhythmic exercise.!! Cycle
ergometry conducted at a slow rate but
heavy load resulted in considerable pro-
duction of lactic acid and a dispropor-
tional increase in ventilation, heart rate
and blood pressure during exercise. In
contrast, cycle ergometry at a high rate
but low load produces only small
changes in mean blood pressure and lit-
tle lactic acid. This same relationship
was seen in treadmill ergometry. On the
treadmill, running at a 15% grade result-
ed in considerable losses in muscle
strength and increases in blood pressure,
ventilation, and heart rates, as well as
lactic acid production, all indicative of a
high component of anaerobic or static
exercise. Exercise at the same work-
loads, with the treadmill at a lower
grade, even at matched workloads, pro-
duced much less of an increase in lactic
acid, oxygen consumption, and loss of
muscle strength. This confirms the low
static component of the exercise.

It is not surprising, then, that a
mixed workout, which is, comprised of a
15-minute exercise period of high- and
low-speed aerobic exercise involving
Gliding falls in between the two. The
reduction of muscle strength and the
changes in heart rate and ventilation
show that this form of exercise falls in
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the middle of the two, being a mixture of
anaerobic (static) exercise, which builds
muscle strength, and pure aerobic exer-
cise, which tones the cardiovascular sys-
tem. Using cardiovascular measures, a
mixed exercise is quantified in terms of
its anaerobic and aerobic component.
This static component of rhythmic exer-
cise is essential to compute in any exer-
cise program to minimize the time
needed for training. With the reductions
in muscle strength in such a program, a
separate weight lifting program would
not be a necessary, since the exercise
itself becomes a total body workout.

For Gliding, the heart rate increase
was slightly greater than that of the
moderate workload on the treadmill
(3500 kpm/minute) at a 5% grade. Since
exercise at a 5% grade is associated with
pure aerobic exercise with little static
component, this would seem to imply
that Gliding is associated with a large
static component. However, the increase
in blood pressure was 35 mmHg and
equivalent to exercise at a 15% grade on
the treadmill or cycle ergometer (Figure
8B). Further, on the treadmill, the loss in
hamstring strength was greater than that
seen at a 5% grade, but almost equiva-
lent to the moderate load at the 15%
grade. This is also true of oxygen con-
sumption, which was low for the level of
heart rate shown and muscle loss seen in
the exercise. Thus, Gliding is a mix of
aerobic exercise with a high isometric or
static component. This high static com-
ponent will provide good strength train-
ing along with endurance training during
Gliding lunges. The opposite was true of
regular lunges where the loss in strength
was equivalent to almost pure aerobic
exercise on either the treadmill (Figure
6) or cycle ergometer (Figure 7), while
the work was much less.

The results of exercise following the
15-minute video, which involved exer-
cise in the standing posture with
Gliding, showed a greater increase in

oxygen consumption and a greater loss
in strength than with the 13-, and 8-
minute Gliding videos. Oxygen use (0.8
L/minute, 4 calories) during treadmill or
cycle ergometry, increased to 0.8 L/per
minute (4 calories) for pure aerobic
exercise with a low static component
(eg, exercise on the treadmill up to 5%
grade or on the cycle ergometer at 90
rpm) and would cause significantly less
strength loss than Gliding. The greater
loss in strength along with greater
increase in systolic blood pressure with
Gliding exercise using the video would
indicate that this video exercise has a
high muscle strength-training compo-
nent. This was also seen with the 13-
minute and 8-minute Gliding video
exercise but to a smaller extent. The 8-
minute Gliding video exercise appeared
to be higher in the pure aerobic exercise
component than exercise with the 15-
minute video. However, exercise follow-
ing all three Gliding videos did have a
much higher isometric component than
treadmill ergometry against a 5% grade
or bicycle ergometry at 90 rpm.
Comparing treadmill ergometry to
the exercise following the 15-minute
Gliding video, the response of oxygen
consumption and reductions in strength
using the video workout seemed to be
equivalent to exercise on a treadmill
ergometer at a 15% grade with the load
of 2500 kpm/minute (Figures 6 and 9).
The easiest workout, following the 8-
minute video, corresponded to exercise
on a treadmill at a 15% grade and a
workload of 1500 kg/minute. In other
words, the workout using the 15-minute
Gliding exercise video was equivalent of
running up a 15% grade at two miles an
hour, whereas exercise following the 8-
minute exercise video was equivalent to
running up hill at .5 miles per hour
(Table 2). On the other hand, the
Gliding exercise was highly aerobic in
nature, as demonstrated by oxygen con-
sumption and lactic acid production.
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Thus Gliding was in the middle of the
spectrum between pure aerobic and
pure weight lifting exercise, being a mix-
ture of both. Therefore, exercise using
these videos provided a heavy dynamic
workout as well as implied strength
training because of their high static com-
ponent.

In 1998, The American College of
Sports Medicine published guidelines
for exercise levels to maintain cardiovas-
cular fitness.” They recommended exer-
cising 3 to 5 days per week at an
intensity of 55% to 65% maximum heart
rate reserve or 4 METS or about 50%
VO, reserve for up to 60 minutes.”! In
the present investigation, the Gliding
video exercise could be analyzed several
ways. In terms of METS, the average
resting oxygen consumption was 0.19
liters per minute. The oxygen consump-
tion using the 15-minute Gliding video
was 0.8 liters per minute or 4.2 METS.
Thus under the METS classification, the
workload would be classified as moder-
ate and would pass ACSM guidelines for
cardiovascular training. The same would
be true of the 13-minute Gliding video
exercise.

Using heart rate, an increase of 60
beats per minute would place the exer-
cise in the moderate workload category
as per ACSM guidelines for fitness. The
increase in heart rate after the 15-
minute video workout was only 55 beats
per minute and slightly less with the
other 2 videos. Unlike most exercise,
there was a high static component when
exercising using the 13- and 15-minute
Gliding exercise videos, which causes a
reduction in heart rate to a value less
than the equivalent workload with pure
aerobic exercise. Thus by the heart rate
standard, exercise using the 15- and 13-
minute Gliding videos meet the stan-
dard for moderate exercise intensity
required by ACSM guidelines. The 8-
minute Gliding video exercise would be

classified as a light workout, using heart
rate and oxygen consumption.
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